Forest specialist species
Introduction
Forests are invaluable for human beings. They are important for recreation and human well being, and provide numerous ecosystem services, and are vital for the maintenance of the majority of biological diversity on Earth (Lacaze, 2000; Dirzo and Raven, 2003; Ozanne et al., 2003; Lewis, 2006) . These roles need to be considered when we try to manage forests. For example, the use of wood for heating and timber in construction or paper industry needs fast growing trees, planted in a regular pattern for easy management, without other tree or scrub species. These plantations often are of non-native species and thus are inferior for recreation, and inappropriate for the maintenance of native biodiversity (Koch and Skovsgaard, 1999; Carnus et al., 2006; Gentry et al., 2006) . For example, in Hungary 20% of forest cover is the black locust (Robinia pseudoacacia), originally from North America, and 15% is black pine (Pinus nigra), a European species, but not native to
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Hungary (Má tyá s, 1997). There are similar patterns for other countries (e.g., EEA, 2006) . What are the effects of exotic (i.e. introduced or nonnative) trees and forests on native wildlife? Bird species usually prefer native habitats over exotic patches (Ramos, 1996; Ortega et al., 2006) . Native bushes are superior foraging sites for birds (French et al., 2005) . Nesting on exotic bushes in urban parks resulted in higher rate of nest failure than nesting on native bushes (Schmidt and Whelan, 1999; Borgmann and Rodewald, 2004) . Exotic forest plantations can lure settling birds into such suboptimal habitat, where nest failure is higher than in native forests (Remes, 2003) .
Knowledge of the effects of exotic tree plantations on birds at the community level is limited. Several studies aimed to compare communities in native and exotic forests, using simple parameters. Species richness and abundance is less variable than species composition in native versus exotic forests (Hausner et al., 2002; Johnson and Freedman, 2002; Steverding and Leuschner, 2002; Bakker and Higgins, 2003) , although some studies have failed to detect any differences (Donald et al., 1998; Fleishman et al., 2003; Wilson et al., 2006) . The underlying mechanism of community differences between native and exotic forests may be the predation pressure on avian broods (Barber et al., 2001; Carignan and Villard, 2002) , or the selective habitat preferences of species (Lerner and Stauffer, 1998) . However, we have been unable to find any comparison of the species-area relationship (SAR) in exotic versus native forests. This is surprising, because SAR is a basic rule of ecology, stating that species richness increases with increasing sample area (Rosenzweig, 1995; Bá ldi and McCollin, 2003; Drakare et al., 2006) . Thus, the important question is whether a fundamental ecological relationship is altered by one of the most peculiar and pervasive human activities of modern times -to introduce plant species to areas outside their native ranges. In this study we investigated if exotic forests harbour fewer species than native patches. We compared the species-area relationship of bird assemblages in native versus exotic forest patches in Eastern Hungary. We hypothetized that SAR will depend on forest naturalness, and on the habitat specialization of species. Naturalness probably acts via heterogeneity, which is higher in native than in exotic forests (Thompson et al., 2003; Bartha et al., 2006) . Forest patches are islands for forest specialist species, but less so for generalist species, which may occur in the surrounding landscape. This may mask the general species-area relationship (e.g. Magura et al., 2001) . Therefore, we expect significant SAR in native forest patches and forest specialist bird species, and weak, if any in exotic forest patches with generalist species. Further, we expect similar species richness values in small native and exotic forest patches, where no real interior habitat is available. However, different species richnesses are expected in large patches due to difference in the species-area relationships. Such finding may have important nature conservation consequences for the maintenance of biodiversity.
Study area and methods
The study area is located in Eastern Hungary on the Szatmá rBereg plain ( Fig. 1) (Moská t, 1987 ). We applied a standard point census technique (100 m radius, 5 min census time); all birds seen or heard were recorded. Sampling effort was standardized for all patches -since many patches were only a few hectares large, one point per patch at such patches was possible to census. We distinguished between forest specialist and habitat generalist species based on literature data (Snow and Perrins, 1998) , considering local conditions.
The species-area relationship was established with the most frequently used log-log transformed model (Rosenzweig, 1995) , using individual patch areas (not the categories) in the calculation. The number of forest specialist and generalist bird species between the two forest types (native and exotic) with similar size were examined by repeated measure analysis of variance (ANOVA). Forest type (native or exotic) was considered as factor and the time of the counting (April, May and June) were used as repeated measures. The data were normalized by log(x þ 1) transformation. When the results of the ANOVA showed that there was difference in the species richness among the forest types, this was tested by a Tukey-type multiple comparison (Sokal and Rohlf, 1981) . The analyses were carried out using the SPSS-PC program (SPSS, 1999) .
Results
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435 for large forests). There were more nest holes in native forest patches compared to the exotic patches in small and large forests, but not in the medium size category (t 7 ¼ 3.653, p ¼ 0.008 for small forests, t 7 ¼ 1.005, p ¼ 0.348 for medium forests, and t 7 ¼ 2.543, p ¼ 0.038 for large forests). Altogether 41 bird species were observed during the censuses. Most species (92%) were observed in both the native and the exotic forest patches (Appendix). The species-area relationship was significantly positive in the native forest patches for forest specialist species, and positive but not significant for generalist species (Table 2) . No species-area relationship were found for bird assemblages in exotic forest patches (Table 2) .
Comparing bird species richness between native and exotic forest patches of similar size classes revealed that the small and medium patches were not significantly different for either forest specialist or generalist species. In large forests, however, bird species richness was significantly higher in native than in exotic forests for forest specialist species, but not for generalist species (Table 3) . This relationship between the native and exotic forest patches seems to be stable, at least within season, because the interaction term of time * naturalness was on no occasion significant (Table 3 ). The time effect alone indicated significant decline in species number from April to June in the small forest patches (for both forest and generalist species), and for forest specialist species in medium forest patches. The number of generalist species did not change within season in medium-sized forest patches, and none of the groups declined over the season in the large forest patches (Table 3) . Fig. 1 -Location of the study area in Eastern Hungary. Triangles represent forest patches of exotic tree species and circles native tree species. The size of the mark represents three area categories of the patches (<10 ha, 10-100 ha, >100 ha). 229  230  231  232  233  234  235  236  237  238  239  240  241  242  243  244  245  246  247  248  249  250  251  252  253  254  255  256  257  258  259  260  261  262  263  264  265  266  267  268  269  270  271  272  273  274  275  276  277  278  279  280  281  282  283  284  285   286  287  288  289  290  291  292  293  294  295  296  297  298  299  300  301  302  303  304  305  306  307  308  309  310  311  312  313  314  315  316  317  318  319  320  321  322  323  324  325  326  327  328  329  330  331  332  333  334  335  336  337  338  339  340  341 342
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Discussion
We studied bird communities in a landscape with patches of natural and exotic tree species. The majority of the landscape was farmland (arable fields and grasslands), with scattered forest patches, including the studied patches. Although it is known that different landscape matrix influences species diversity even in similar forest patches (Lindenmayer et al., 2002; Watson et al., 2005) , here we had the same landscape type as matrix. Therefore, we supposed that the matrix effect was similar for all patches, thus, did not bias the results. There was no difference in bird species composition of natural versus exotic forest patches. In a study of birds in tree plantations versus native shrub patches in the Negev, Israel, Shochat et al. (2001) found only a small overlap of bird species. Probably the difference between exotic and native patches in our study was not large enough to exclude bird species, only to influence the frequency of occurrence. The communities showed different responses to area; the species-area relationship explained the number of bird species (i.e. significant positive species-area relationship) in native forests, but not in exotic forest patches. A similar pattern was found by Shochat et al. (2001) for native scrub fragments versus planted forests; bird species richness depended on area in the former, but not in the latter. Santos et al. (   Q1   2006) compared native oak and mature pine plantations in Spain, and they found similar bird species richness in native and plantation archipelagoes, and different species-area relationship, just in this study. However, all species-area regression models were significant in their study (Santos et al., 2006) .
The difference between native and exotic forests was more pronounced, if species were classified according to their specificity to the forest habitat. Species richness of generalists was not related to forest area at all. The species -area relationship of forest specialist bird species was not significant in exotic forest patches, but was significant (positive) in native patches. The clear difference between the response of specialist and generalist (including exotic) species to fragmentation was described for several taxa, including birds (McCollin, 1993; Germaine et al., 1998) , plants (Abbott, 1992; Bakker and Higgins, 2003) There may be two potential mechanisms to explain the presence of SAR in native, but not in exotic forest patches. First, there is usually a basic difference between exotic and native forests in spatial heterogeneity; native forests are more heterogeneous (Má tyá s, 1997; Thompson et al., 2003) . We also found some indications of such a trend (more nest holes in native forests), although others were in our case not statistically significant (shrub cover). Habitat heterogeneity and species richness have a positive correlation (Tews et al., 2004) , thus, the more heterogeneous and complex habitat structure of native forests may promote forest specialist bird species rather than generalist species (MacNally et al., 2000) . Second, native forests are more island-like patches, because their complex structure is more different from the surrounding landscape, than the exotic forests with a simple structure. Therefore, forest specialist species are probably restricted to the native forest ''isolates'', with the subsequent SAR, while exotic forests might not function as isolates. This landscape effect may also be responsible for the absence of a SAR in some cases (Estades and Temple, 1999; Wethered and Lawes, 2003; Lö vei et al., 2006) .
Increased habitat fragmentation results in the relative increase of edge habitats due to the increase of edge/core ratio. Edges are favored by generalist and/or early successional species (Harris and Silva-Lopez, 1992; Imbeau et al., 2003; Lö vei et al., 2006) , therefore we expected a reverse relationship for generalist species with forest area: as forest area increases the proportion of edges, and the generalists species, is decreasing. Although these were significant neither for native (R ¼ À 0.1) nor for exotic (R ¼ 0.1) forests, the trends of the regression coefficients (Table 2 ) support this hypothesis.
The SAR is a fundamental rule of ecology, but it still suffers from several biases (Bá ldi and McCollin, 2003) . Here we demonstrated the key role of native/exotic species composition, that is the quality of habitats and the specialist/generalists character of target species on the SAR (Lö vei et al., 2006 ). An archipelago of non-native habitats, and/or non-native species in the archipelago may lead to the breakdown of the SAR.
The age of forest patches may be relevant factor in determining species richness. In this study the age of patches were 35-70 years, that none of them were old growth. Humphrey (2005) and Santos et al. (2006) , for example, showed that 100-200 year old plantations already conferring substantial benefits to many species. It is clear that for the studied forest archipelago and landscape only large (>100 ha) forest patches containing native tree species can preserve natural patterns. Such patches support forest specialist bird species during the whole breeding season. We warn, however, against using only species presence in forest patches for patch evaluation: on our study nearly all the observed species (92%) were present in both native and exotic forest patches. Therefore, simple presence-absence survey may be misleading, because it can not identify the superior value of native forests. Other studies also highlighted the subordinate role of exotic trees and bushes for nesting, foraging and community assemblage (Schmidt and Whelan, 1999; Remes, 2003; Borgmann and Rodewald, 2004; French et al., 2005) . This evidence support the conclusion that the expansion of exotic trees and bushes via forestry practice and gardening will harm natural patterns and the underlying processes, hence accelerating the decline of birds in isolated forests. 457  458  459  460  461  462  463  464  465  466  467  468  469  470  471  472  473  474  475  476  477  478  479  480  481  482  483  484  485  486  487  488  489  490  491  492  493  494  495  496  497  498  499  500  501  502  503  504  505  506  507  508  509  510  511  512  513   514  515  516  517  518  519  520  521  522  523  524  525  526  527  528  529  530  531  532  533  534  535  536  537  538  539  540  541  542  543  544  545  546  547  548  549  550  551  552  553  554  555  556  557  558  559  560  561  562  563  564  565  566  567  568  569 570 685  686  687  688  689  690  691  692  693  694  695  696  697  698  699  700  701  702  703  704  705  706  707  708  709  710  711  712  713  714  715  716  717  718  719  720  721  722  723  724  725  726  727  728  729  730  731  732  733  734  735  736  737  738  739  740  741   742  743  744  745  746  747  748  749  750  751  752  753  754  755  756  757  758  759  760  761  762  763  764  765  766  767  768  769  770  771  772  773  774  775  776  777  778  779  780  781  782  783  784  785  786  787  788  789  790  791  792  793  794  795  796  797  798 
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